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Si-bulk 



Starting material: 
Intrinsic Si * 100. . 
double side polished. 





Spin on dopant (SOD) 
consisting of borosilicate 
glass. Bake at 1 70 °C for I 
minute. 

Annealing at MOO V, 
remove when desired 
implant thickness has been 
reached 



136 





Strip SOD w ith dilute 
HF 



I3>5~ 

Deposit 200 nm of Si,N 4 
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Strip Si.N, from front 



- Define alignment marks 
on top side of wafer 
using photolithography 
andRIE 





Pattern nitride on backside 
of wafer using contact 
photolithography and RIE. 
This will be used as an etch 
mask. /J*5^ 



Deposit conformal layer 
ofPECVD SiG2onto 
tlie top side of the w aier 
to protect the VACNF 



Pattern the cantilever 
body using 
photolithography and 
RIK 



Its' 



... Deposit 200 nm of Si^N, 
on to wafer surface to 
protect during KOH 
etching 



Pattern the Si using 
healed KOH. 





Define catalyst particles 
on top side of wafer 
using photolithography 
or electron beam 
lithography followed bv 
PVD and liftoff 




Grow high aspect ratio 
VACNF using catalytic 
PECVD 




X I70 

Remove nitride with 
RIK and oxide using a 
wet etch in HF. 




Side view of completed 
cantilever structure 
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Si- hulk 



Stail im 1 in alci in I 
Intrinsic Si 100 . 
dim Ml *idc polished 



JL/S 



Boro* i I i eat f e lass, sjmi 
on dopant bice at 1 70 
y X for I minute. 

I Hit in annciiling furnace 
at I If 10 V. remove when 
desired implant 
thickness ha* been 
reached. 




Remove Si ; N \ from tip 
using pht>torc*i*t and 
KIK 



£30 



... Strip SOI) with dilute 




21$ 




— - Strip Si.S^ from front 



Define alignment marks 
on top side of water 
wing phoMiwographv 
and Kit 



JJcfine catalyst particle* 
on top side of wafer 
using photolithography 
or electron beam 
lithography followed hv 
PVD and liftoff 



Grow high aspect ratio 
Y.\t N'f using eatalvtic 
PECVD 




I Xptxii confcrmal \u\ cr 
ofPFCYDSiOZonlo 
the top side of the wafer 
to protect the V'ACM 



Pattern the cantile-. cr 
body u>i«i» 
photolithography and 
Kit 



— * 5 *-"Pi* " 200 nm ot St ; \ , 
on to wafci surface to 
protect during K«>U 
etching 



Pattern nitride on backside 
of wafer using conflict 
r&otolifhography and KIT.. 
I hi* will be used as an etch 



Pattern the Si using 
K( »l I. The nitride Vm 
the front side function* 
as an etch slop. 
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Deposit thin la ver of 




Remove nitride with 
Rlh and oxide using a 
Wet etch in I IV. 



Side view of completed 
cantilever. structure 




Starting material 
ininmic Si ■ Uni . 
double side polished. 



3£o. 



Dcposil LIVV'D low »uc*s 
Si,N , and strip »><Mn hack 
using RIF. if nevwan- 




PsUiern the cantilever 
body using 
photolithography and 
RIF. 



-1»VL)\V 



IX-fine alignment maris 
on top tide of wafer 

u«mg phoE.»lilho t 'raph\ 
and RIF. 



Ifcfinc catalyst particle* 
on top >i dc of wafer 
using r^iMithogrrtphy 
or electron hcam 
liihogmph> followed hv 
in D and liftoff 



firow high aspect ratio 
V.\r\ T F lining catalytic 

n:rvi> 



DeposU 2tm nm ofSi,N, 
t»n to vvaftr surface to 
protect durine kOll 
etching 



Putlem nitride on hacksidc 
of wafer using contact 
phttclithogTHphy and RIL 
Thi* will he u*cd » an etch 

~ L 3X0' 




Pattern the Si using 
heated KUR TbeSitN. 
tunc lions a* an etch Mop 

2lo 



Remove Si t X, membrane 
with RIF from fmnl side 
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Remove W layer using 



Altcmativcrv. the W layer 
can he patterned ming 
pholoHthvH?raphy and RUi 
to provide an electrical 
interconnect to the 
VACNF base 



I.X.-po»it conformal layer 
of PECVDSK'ttomo 
the lop side of the w afer 
to protect the VACNF 



37* 





Remove oxide tiding a 
w el etch m Iff 
completing the structure 



Side view of completed 
cantilever structure 
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Starting mAlcriiil 
Intrinsic Si I tM) •. 
double tide polished. 



Deposit LPCVD low stress 
Si, N*! and *trip from back 
using RFF ifneecwary 



-pvp vv 



Define alignment marks 
on lop side of wafer 
using phofolilhographv 
andRlfc 



Xlfine calalyM particle* 
on top side of wafer 
using pruitolithogr.iphy 
or electron beam 
liihogniphv followed hv 
PVD mid liftoff 



lirou high n\j)cci ratio 
VAOiF" u< ins catntvtic 
HECVD 



Put tern \V by cr to provide 
an electrical interconnect 
to the VACNF using 
photolithography and RUi 



Deposit additional ktver of 
I.P^norPFOD.SijN,: 



Rermn c Nitride from 
VACNF tip and contact to 
W lead using 

photolithography and brief 
RIF 




— iXjuwit eonftirmal ta\er 
of PF.C\T>.Si02 onto 
the top »idc of the wafer 
to protect the VACNF 



Pattern the cantilever 
body using 
photolithography and 
R1K 



Pattern nitride on backside 
of w hIlt u^mg contncl 
phutoltthography and RIT„ 
Ihia will be u>ed a* an eteli 
mask tjja 



- Deposit 200 nm ofSi.N, 
on to water surface to 
protect during kOH 
etching 



Pattern the Si using 
KOI |. The nit tide on 
the front side functions 
as an etch *tep. 



V7o 





Remove nitride with 



RH: and oxide using a 
wet etch in HF. 



Side view of completed 
cantilever structure 





Starting material: 
Bulk silicon 



[hernial SiO, 



Deposit LPCVD low stress 
Si ,X 4 and strip from b3ck 
using RIE if necessary 





Define alignment marks 
on top side of wafer 
using photolithography 
and RIE 



Define catalyst particles 
on top side of wafer 
using photolithography 
or electron beam 
lithography followed bv 
PVD and liftoff 



Grow high aspect ratio 
VACXF using catalytic 
PKCVD 



Remove W laver usins 
RIE 



Alternatively, the \V layer 
can be patterned using 
photolithography and RIE 
to provide an electrical 



Pattern oxide on backside 
of w afer using contuel 
photolithography and RIE. 
Ibis will he used as an etch 
mask. 



- Deposit con form a I layer 
ofPKCVDSi02 onto 
the top side of the wafer 
to protect the VACNF 



. Pattern the cantilever 
body using 
phiMolithogniphv and 
RIK 



Pattern the Si using 
RIK. Buried oxide layer 
functions as an etch stop 




Remove oxide using a 
wet etch in Iff 
completing the structure 



Side view of completed 
cantilever structure 




{"hernial Si<X 




Start w»? m atom I 
Hulk silicon 



Um« LI WD SttN'.on 
wafer, strip from hack 
side mine RfK if 
necessary 






- Define :ili^imicri1 mmU 
on lop bide of water 

amfKlK 



Define eafaK«l particle* 
on topside of waft » 
uring photolithog raphy 
01 electron beam 
lilhographv followed bv 
P\|)ttndhllolf 



- Grow hiuli aspect ratio 
V AC\T u« ing catnlx i ic 



Pattern \V layer lo pn» ide 
an electrical interconnect 
to the V'ACNF using 
photolithography and RD; 



Pattern oxide on backside 
of wafer using contact 
(ihiiloltthofitaphv an J Rn : .. 
Ilii* will he lived a* an etch 



Kcmme Mlndc fn«m 
V.V "NT tip and contact lo 
W lead using 

photoiithopraphv and brief 
RIK 



tXpmit conforms! laxer 
of PECVD SiO>«ito 
the lop side of the w ater 
to protect the VACNr 



Ptittern the uantilex er 
body using 
phototithographv and 
Rl* 



Pattern the St using 
RIH. Buried o\ide layer 
function^ as an etch stop 





Rcmwc oxide u«ing a 
wctclchht IU* 



Side \-ic\v of completed 
cantilever structure 



IXposil oddilional lavcrof 

r.pc\*norpFrvD si.x,. 

strip e.scesn Si,N , off hack 
ofwafcr urine RU: if 
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SEM 10 (*V 12.4mm x180k SE(M) 3/7/03 


1 1 1 1 1 1 1 

300nm 
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SEM 2.0kV 13.1mm x3.50k SE(M) 2/27/03 1Q.0um | SEM 2.0kV 13.1mm x4.50k SE(M) 2/27/03 10.0um 
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